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Therefore, the differential equation of the curve of which these lines are 
tangents is 

(dyV . ft'-y'-o' + g ' (dy\ _ 1=Q 
Vday xy \dx) 

The solution of this equation is the conic section 

or, in parameter form, x=mcos 4>, y=ncos <f>. From these we get 

dy n , . 

-r*= cot 0. 

ax m 

Substituting these values of x, y, and dy/dx in the differential equation, we 
get m 2 — « s =a 2 — 6 8 . 

Therefore, the required outer curve is any one of a system of ellipses 
or hyperbolas confocal with the inner curve. 

(b) If the inner curve is an hyperbola, we have the same result. 

(c) If the inner curve is the parabola, y i =4p(x+p). 
Proceeding in the same way, the equation of the tangents is 

(y z — 4px— 4p s ) 0/' 2 — 4px'— 4p 2 ) — \yy'-2p(x+x')— 4p 2 ] — 0. 

The differential equation is 

\dxl y \dx/ 

The solution is, y i= 4e(x+c). 

This is a system of parabolas confocal with the given one. 

Also solved by the Proposer. 



MECHANICS. 

222. Proposed by W. J. GREENSTREET, Stroud, England. 

Find the maximum angle of inclination to the line of greatest slope of a uniform rod 
resting on a rough inclined plane and capable of turning freely round a point on it. 

Solution by G. B. M. ZERR. A. H.. Ph. D., Philadelphia, Pa. 

By the maximum angle is evidently meant the angle of limiting equi- 
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librium. Let R=the reaction of the rod concentrated at G, its center of 
gravity; /^coefficient of friction; W= weight of rod; ?— inclination of plane 
to horizon; 0=required angle. 

The reaction R at G is perpendicular to the plane, and is R= Wcos P; 
while Wsin fi is the pull down the plane. Now as friction acts opposite to 
the direction of motion, we get Wsin fi sin o—/x R. 

•'• Wsin P sin 0=n Wcos ft, or sin 0=/» cot ft; "=sin -1 C" cot /?). 

223. Proposed by G. B. M. ZERR, A. M., Ph. D., Philadelphia, Pa. 

A sphere, radius r=b inches, density 8=11.38, falls from a height h— 
500 feet, into a lake depth 1=40 feet Find time of falling to surface of lake, 
time of falling from surface of lake to bottom, and total time of falling. 
Also the velocity at the bottom. 

Solution by the PROPOSER. 

Let r=? inch = 7 V feet=radius of ball; flf=32.2=gravity; ej>=g=weight 
of unit volume of water; <5=density of air=. 001293; d=g ^weight of unit 
volume of air; i?iV 2 =resistance of air; R 2 v 2 =resistance of water; A=great- 
est sectional area of sphere— * r 8 ; fe=a constant=0.51 for the sphere; m= 
mass of sphere= T V0; t>!=velocity at surface of lake; v 2 =velocity at bottom 
of lake. Then the equations of motion are 

m tt- mg— Rv*...(l), mv^-=mg—Rv t ...(2). 

ma—Rv" 1 ' For the time ' T ' * rom rest t0 tne sur * ace of tne 
lake, R—R,, and the limits of v are and v,. 

. T-l f m i nfr |y fr"g) + i / (-fti)*>i 1 ( o\ 
- 1 ~ i ^gR, 0S [ l /(mg)-y(R 1 )v J \- (61 

For the time, 7\, from the surface to the bottom of the lake, R=R 2 , and 
the limits of v are V\ and v t . 



.-.r,= i 



I ™ lft _ [ [V(mg) + }/(R i )v l '][\/(mg)-}/(R t )v l ] ] . . 
S9R2 S I'W (mg)- i /(R t )v i n^(mg)+v(R i )v i ]\- W - 



From (2), x=mf vd l , . 
J mg—Rv* 

Between the limits v and V we get for x, 



